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The present invention relate to pixels based on electro wetting, and in 
parttcular to such pixels that are suited fbrpassive matrix addressing 
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lens can be changed between a convex, light focusing ON-state and a concave, light 
defocusing OFF-state. This type of pixel will in the following be referred to as a lens type of 
pixel. 

According to a second principle, the liquids are instead chosen to have 
5 different colors and/or level of transparency. Basically, the color and/or brightness of the 

pixel is controlled by choosing which liquid that is to occupy the light path of the pixel, while 
the other liquid is moved away from the light path, partially or completely. Using this second 
principle, in the following referred to as a filter type of pixel, gray scales can be provided by 
means of additional electrodes, each additional electrode thus corresponding to an additional 
10 gray scale. 

An electro-wetting pixel based on the lens principle is known from the patent 
application JP2000-356750. Still another type of electro-wetting pixels is described in 
WO 02/099527. 

According to any of the above principles, the pixel characteristics can be 

-15 t™irftlW14>y^^ Pren thou gh sfttna a p plication uses a variable 

potential, e.g. for providing gray scales, it is most commonly used for providing a distinct 
ON-state (or, possibly a discrete number of gray scales in a filter type pixel having additional 
electrodes), and a distinct OFF-state, applying certain potentials. However, as soon as the 
potentials are removed, the interface returns to its initial position. Thus, a matrix display with 
20 this type of pixels requires active matrix addressing. 

For an active matrix display based on electro-wetting cells, one can use the 



capacity of the lens itself as a memory element. Once a certain potential is applied to the cell, 
thejnterface will not change.. For such a display, an active matrix plate is needed, which is 
relatively expensive to manufacture. 

25 In order to facilitate passive addressing, each pixel has to have a bistable state. 

A bistable state is a particular potential configuration in which the interface can be in more 
than one position, depending on its previous addressing history. In particular, when 
addressing a matrix of pixels one would like to have a potential configuration in which the 
pixel is in its ON-state in case is has previously been turned ON, and in its OFF-state in case 

30 it has previously been turned OFF. Such properties are not provided for in the prior art. 

An object of the present invention is thus to provide bistable, electro-wetting 
pixels, which preferably can be addressed using passive addressing. This object is achieved 
by the present invention as defined in claim 1 and 13. Advantageous embodiments are 
provided by the appended subclaims. 
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In each pixel, said address and retain electrodes are arranged at respective 
electric potentials to control a spatial distribution of said liquids and thereby defining a multi- 
stable pixel state. 

In one preferred embodiment, said at least one electrode pair is arranged to 
5 provide one active multi-stable pixel state. 

In one preferred embodiment, the display unit further comprises a control unit 
which is operative to 

apply potentials to the address and retain electrodes in relation to the counter 
electrode of each pixel; and to 
10 set each pixel in either of at least one active multi-stable pixel state, by means 

of an address potential applied to said address and retain electrodes in relation to the counter 
electrode of the respective pixel, and a passive multi-stable pixel state, by means of removing 
any potential from the address and retain electrodes in relation to the counter electrode of the 
respective pixel; and to 

15 i^tein-a-cuiTeTit trmlti-gtabV pi xel state in each pixel by means of applying a 

retain potential to each retain electrode only of the respective pixel. 



20 additional electrode pair, each pair comprising a retain electrode and an address electrode and 
each electrode pair providing for a multi-stable gray level. This embodiment is advantageous 
in that it provides for additional multi-stable pixel states. Preferably the display unit 
comprises a number of pixels. _ 



25 electrically interconnected with each other. This is advantageous since the pixel circuitry thus 
can be reduced. In effect, the retain electrodes of each pixel can thus be controlled as one 
single electrode. In case the pixels are arranged in a matrix configuration, along rows and 
columns, it is also possible to electrically interconnect the retain electrodes of every pixel in 
each row (or column), such that there is only one retain electrode circuitry needed for each 

30 row (or column). Thereby the pixel circuitry can be reduced substantially and all the retain 
electrodes can of each row (or column) be controlled as one single electrode. It is also 
possible to interconnect the counter electrodes of every pixel in each row (or column), thus 
resulting in reduced counter electrode circuitry. 



According to one embodiment, the display unit comprises a plurality of pixels, 
which are arranged along rows and columns in a matrix configuration. 

According to one embodiment, each pixel further comprises at least one 



According to one embodiment, every retain electrode within each pixel is 
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Figure 1 illustrates a lens type electro-wetting pixel in a passive state (left) and 
an active state (right). 

Figure 2 schematically shows a display comprising electro-wetting pixels of 
5 the type shown in Figure 1. 

Figure 3 illustrates a lens type electro-wetting pixel having a counter 
electrode, a retain electrode and an addressing electrode. 

Figure 4 illustrates possible states for a lens type electro-wetting pixel having 
three electrodes. 

10 Figure 5 illustrates an electrode circuitry for a passive matrix display using 

inventive electro-wetting pixels. 

Figure 6 illustrates possible steps for addressing a picture frame of a display 
having lens type pixels. 

Figure 7 and 8 illustrates a possible construction for lens type pixels. 
15 &guag4Ulkistiates * refleptiye light filter type electro-wetting pixel. 



light filter type pixel. 

Figure 12 illustrates a filter type pixel having three electrodes behind a 
20 hydrophobic coating, showing on, off, and gray states. 

Figure 13 illustrates an active light filter type electro-wetting pixel having an 
address electrode, a retain electrode and a counter electrode. 

Figure 14 illustrates a passive light filter type electro-wetting pixel haying a . 
series of address and retain electrodes and a counter electrode. 
25 Figure 15 illustrates possible states for a light filter type electro-wetting pixel 

having three electrodes. 

Figure 16 illustrates possible steps for addressing a picture frame of a display 
having light filter type electro-wetting pixels. 



description, the wording '^passive state" refers to a state in which the pixel is if no potentials 
are applied to the electrodes, i.e. the ground state. This is opposed to an "active state", in 
which the liquid distribution, and thus the position of the liquid interface, is changed in 



Figure 10 illustrates a transmissive light filter type electro-wetting pixel. 
Figure 1 1 illustrates a passive (left) light filter type pixel and an active (right) 



30 



The invention will now be described in further detail. In the following 
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2. In case a potential is applied between the two electrodes, the contact area 

changes. The polar liquid and the electrode form a capacitor and it is more favorable for the 
system to increase the contact area between the polar liquid and the hydrophobic coating. In 
this active state, the lens thus becomes less concave or even convex if a sufficiently high 
5 potential difference is applied. 

Consequently, by means of electro- wetting the lens 107 can be changed at will 
from convex to concave, and vice versa, by means of applying a single potential between 
electrode 104 and 105. In practice, it is sufficient to use potential differences in the order of 
tens of volts, the exact potential depending on the thickness of the hydrophobic coating. The 
10 polarity of the potential difference is of no importance. 

Of course, the degree of lens manipulation depends on the potential level 
applied. However, in order to simplify the description only three potentials will be 
contemplated, 0, + and ++, where + denotes a potential higher than 0, and -H- denotes an even 
higher potential. In the following discussion, the absolute value of the potentials is of no 

15 iulei eslrfer^ie-deseHbedmechanism s and princip les. 

Figure 2 shows pixels 201, 202 based on electro-wetting and arranged in a 
display configuration. The display configuration comprises a collimated back light 203, an 
electro-wetting lens 205, 206 of the above described type, and a front cover 207 in which exit 
pupils 208 defines the location of the pixel. A cover 204 blocks the center of the lens in each 
20 pixel, such that no light can pass directly from the backlight through the lens to exit pupil 
208. If the lens is sufficiently weak, or negative, it does not focus the light on the exit pupil, 
see lens 206. However, if the lens is sufficiently positive, see lens 205, the light is focused to 

the exit pupil 208, jsvhich consequently emits light. „ _ „ _ 

Figure 3 shows an inventive electro-wetting lens, which provides a bistable 
25 driving configuration. In this bistable lens 300, there are three electrodes, a counter electrode 
304, an address electrode 305, and a retain electrode 306, instead of two electrode as in prior 
art (compare with Figure 1). The counter electrode 304 is in contact with the polar liquid 302 
(e.g. water), and the address and retain electrodes 305, 306 are insulated by a hydrophobic 
coating 307 and positioned as drawn. As we will explain later on, the use of two electrodes 
30 hydrophobically insulated from the polar liquid 302 facilitates selection of a row in a display 
and individual addressing of the pixels in the row with the right information. 

The bistability of the electro-wetting lenses having three electrodes will now 
be described with reference to Figure 4, showing eight different potential configurations 
(states a-h). 
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bistable "on" and "off" states of the pixel. During addressing, states d, g and h will be used to 
avoid unintended transitions in rows that are not selected. 

The selection and addressing of an inventive passive matrix display is 
explained by means of the scheme in Figure 6: 
5 1. At the beginning of each frame, all the pixels have a convex interface (state f). 

2. Put the concave and convex ("on" and "off") information on the columns by 
applying a potential + or ++, respectively, to the retain electrode. A row that is already 
addressed is not altered by this potential change at the retain electrode. As explained above 
and illustrated in Figure 4, the interface stays convex or concave (it merely changes from 

10 state c to d, or from state f to g, respectively). 

3. We select a row by changing the row potential (the counter and address 
electrodes) to +. A cell that has a + on the retain electrode will change from convex to 
concave and a cell with ++ on the retain electrode will stay convex (it changes from state f to 
a or from state g to h). 

"15 4: ■ — We-deselect4faejx>w bv ch m^ln^fhe row potentials from + to 0. As shown in 

Figure 4, this does not alter the interfaces. 

5. For the next row, go to step 2. If all rows are processed, the backlight can be 
flashed to generate light. 

6. At the end of the (sub)frame, the display is reset by putting the potentials + on 
20 the address and retain electrodes and the potential 0 on the counter electrode, respectively. 

Thus, all lenses change to state e. A consecutive frame is addressed by returning to step 1. 

Gray scales can be generated by means of any ordinary subfield method. 

A passive matrix, display based on electro-wetting lenses of the above type is 
relatively simple to manufacture. There are only a few components involved and the 
25 processing thereof is relatively simple. 

A possible construction is shown in Figure 7. There are four plates 701, 702, 
703, 704. The upper and the lower plate 701, 704 should be transparent On the second and 
third plate 702, 703 address and retain electrodes 706, 705 ate deposited. On the lower plate a 
transparent base or counter electrode 707 is deposited (for instance made of ITO, Indium Tin 
30 Oxide). The cells can be filled by means of an ink-jet printer, which can fill the cells with 
accurate amounts of the polar and non-polar liquids. 

Additional measures to block the light, i.e. to improve the light shutting effect 
of the lens, can be provided on the top and bottom glass plates 701, 704. In addition, the 
bottom glass plate might also be part of the backlight. 
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In case we apply a potential difference between the two electrodes, the contact 
area changes. The water and the second electrode form a capacitor and it is more favorable 
for the system to increase the contact area between the water and the hydrophobic coating. 
The water thus makes contact with the hydrophobic coating and the oil is forced away 
5 towards the comers of the system. 

Figure 12 shows top views of filter type pixels with three electrodes behind a 
hydrophobic coating in addition to a counter electrode (not shown), showing an on state 
1204, an off state 1201, and two gray levels states 1202, 1203. In this particular embodiment, 
the potentials applied are -28 V, and the size of the pixel element is 5 trim x 5 mm. 
10 So, by means of electro-wetting the area of the lower electrode that is covered 

by the oil is adjustable by means of applying a single potential. In practice, it suffices to use a 
potential difference in the order of tens of Volts. The polarity of the potential difference is of 
no importance. 

In the inventive, bistable electro-wetting pixel 1 300, an additional electrode is 

"t5 sm-^ftd^ftKiii^ as illustrated in F gure 13. The pixel thus 

comprises a cell 1303 that is filled with a polar liquid 1301, such as water, and a non-polar 
liquid 1302, such as oil. The pixel further comprises a counter electrode 1306, an address 
electrode 1304 and a retain electrode 1305, the two latter electrodes 1304, 1305 being coated 
with a hydrophobic coating 1307. Although different potentials can be applied to the three 

20 electrodes, only three potential levels, 0, + and ++, will be used in the following description: 
+ denotes a potential higher than 0 and -H- denotes an even higher potential. The absolute 
value of the potentials is of no interest for the described mechanisms and principles. 

Similar to pixel 900,.the pixel J 300 provides two states. Either the oil 1302 is 
spread out across the pixel or it is pulled to the side of the pixel. According to the 

25 fundamental principle of the pixel, addressing is made by simultaneously applying a potential 
to the address electrode 1304 and the retain electrode 1305, in a sense using them as one 
single electrode. The difference as compared to prior art pixels is that the addressed state (be 
it an active or a passive state) of the pixel can be kept stable by means of a potential applied 
to the retain electrode 1305 only. The underlying idea is the same as for the above described 

30 Type 1 pixels: the triple point where the water-oil interface meets the hydrophobic surfece is 
not (or at least not to any significant extent) affected by variations in the potential of the 
electrode that is completely covered by oil or water. 

The bistability of a type 2 electro-wetting cell having three electrodes will now 
be described with reference to Figure 15. 
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Figure 5 shows an example of a pixel circuitry for a passive matrix display 
using the above-described pixels. The counter and retain electrodes are row electrodes and 
the address electrodes are column electrodes. 

The selection and addressing of a row is explained by means of the scheme 
5 shown in Figure 1 6: 

At the beginning of one frame, all pixels are "on", i.e. oil is collected to the 

side, state f. 

Put the "on" or "off* information on the columns (address electrodes) for a 
row by applying a potential + or ++ for ON-addressing or OFF-addressing, respectively. A 
10 pixel in a row that is addressed already is not altered by this potential change of the address 
electrodes 3. As explained above and illustrated in Figure 15 the oil distribution stays the 
same (it changes from state c to d, or from state f to g). 

Select a row by changing the row potentials (counter and retain electrodes) to 
+. A pixel that has potential + its address electrode will change from ON to OFF and a pixel 

-t5 wHjyyfttet^aU^ its flHHr^as ftfc ctrode will stay ON fit changes from state ft p a or 

from state g to h). 

The row is deselected by changing its row potentials from + to 0. As shown in 
Figure IS, this does not alter the oil distribution. 

For the next row, go to step 2. If alls rows are processed, the backlight can be 
20 flashed to generate light (for the transmissive mode). For a reflective display, starting with all 
pixels in the "on" state reduces the contrast for video applications. However, for electronic 



paper like applications the display is only rarely addressed and this is not a problem. 
. . . . . At the end ofthe (sub)frame, the display .is reset by putting the potential +. on 

electrode 2 and 3 and the potential 0 on electrode 1 (thus, all cells change to state e). 

25 TTie idea of Instability may be extended to more than two states, thus 

providing for multi-stable gray levels, by increasing the number of address and retain 
electrodes below the hydrophobic coating. In principle one address and one retain electrode is 
needed for each multi-stable gray level. Figure 14 shows a multi-stable pixel 1400 
comprising one counter electrode 1401, three address electrodes 1411, 1412, 1413, and three 

30 retain electrodes 1421, 1422, 1423, and thus providing for three multi-stable gray levels. The 
address and retain electrodes forms consecutive electrode pairs (141 1 and 1421; 1412 and 
1422; and 1413 and 1423; respectively), each electrode pair consisting of one address 
electrode and one retain electrode and providing for one multi-stable gray level state (e.g. 
gray level state 1, 2 and 3, respectively, in addition to a passive state 0). In order to address 
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P^blec^,,,, ^ ^ .Itoa^ftreep.a.e, ^.o^^^^^ 

^ ^ ^ * ~^ <° avoid short ch™*. 

^ *~ ~ ^ fa "* - W-0 * which the hoards are depend 

On the upperp.a.e, which is transparent (fcrinstence TTO), fte counter decide 
deputed. The eels can be flUed by tneans of an ink-je, printer. Such a printer can m *. 

JT °™ mtS ° fPOlar ^ D0 - I><>lar ^«on, the bottotn gtass pIate 

nu^^also be part of a backlight or reflector, depending on die education (transmissive oi^^ 
reflective, respectively). 

The inventive filter type pixel display fa relatively staple to nranufactore even 
Jpier than the lens tnodniadng oispiay refened to as Type ,. TOs is due to thet^T 
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involved and the processing thereof is relatively simple. Furthermore, unlike the Type 1 
pixels, there are no restrictions on the quality of the backlight, i.e. the light does not need to 
be collimated. 



5 inventive pixels provide bistable or multi-stable pixel states and thus facilitates passive 
matrix addressing. For this purpose an additional electrode is arranged for each multi-stable 
state. Consequently, each pixel comprises one counter electrode and at least one pair of 
address and retain electrodes. In order to activate a pixel, an address potential is applied to 
the address and retain electrodes in relation to the counter electrode, and in order to 
10 deactivate a pixel the potential is removed. In order to retain a current pixel state a retain 

potential is applied to only the retain electrode in relation to the counter electrode; the current 
pixel state, be it active or passive, will then be preserved and the retain potential 
configuration thus provides a bistable pixel state. 



In summary, a display unit comprising electro-wetting pixels is provided The 
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1- A display unit comprising at least one electro-wetting pixel (130 0) each 

electro-wetting pixel comprising: K h 

a closed cell (1303); 

" apOl " H ^ d ^ da ^-Polartiquid(1301, 1302),saidtianids 

nnnnscrble, having different optical properties ^U^ca^^jT 
a counter electrode (1306); and 

,' 1VU , „ * , ^^ ele ^^-^ de< ^I^«>n^ S h.g a naddre M elec^ 
0*0 and a retan. decide (.305), said address and refcin elecfrodes being separJ^T 
^^^0307,^ is « fa ^ to ^_ rf ^^*^ 

txrtennahto W !!r^ d ^ S ^^ d ^ man ^»«™veelectnc 

Lned, A f P% ^' iU: ^ toctol '~^^^onee ] ec^p !li r is 
ammgedtoprov.deoneactivemmti^teblepirelstate. 



^^a^utccordtoiWe^laiinJ^^^ 



operative to -^i*«HKKOn^ m& a-contmLunit-which.is- 



of™.,, -each pixel in either of a. !eas, one active muW-stebta pixel state, by means 
1,=^^ °" *~ *>~ in relation to *e co^T 

^po.entialtoeachrewne.ecm.deonlyofta^ecdvepixe.. ^ 
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4. A display unit according to claim 1, wherein the display unit comprises a 

plurality of pixels and wherein the pixels are arranged along rows and columns in a matrix 
configuration. 

5 5. A display unit according to claim 1, wherein each pixel further comprises at 

least one additional electrode pair (1412, 1422; 1413, 1423), each pair comprising a retain 
electrode (1422; 1423) and an address electrode (1412; 1413), wherein the address and retain 
electrodes in each pixel are consecutively arranged so that the address electrodes are spatially 
separated from each other by retain electrodes and vice versa, and wherein each electrode 
10 pair provides for a multi-stable pixel state. 



6. A display unit according to claim 5, wherein the retain electrodes within each 

pixel is electrically interconnected with each other. 



-tS- 



-A^icpifly ^r%\\ according 



pixel arranged along the same row is electrically interconnected with each other. 



8. A display unit according to claim 4, wherein every counter electrode within 
each pixel arranged along the same row is electrically interconnected with each other. 

20 

9. A display unit according to claim 1, wherein said liquids in each pixel have 
different indices of refraction and define a lens and wherein each pixel state is controlled by 
said lens.. . . _ _ 



25 10. A display unit according to claim 9, further comprising a light guide, and 

wherein said electrodes are operative to move the lens between an ON state in which the lens 
is operative to focus light from the light guide towards an exit surface of the cell and an OFF 
state in which the lens is operative to spread light from the light guide away from the exit 
surface. 



11. A display unit according to claim 1 , wherein said liquids have different light 

filtering properties and wherein the spatial distribution of the liquids provides a controllable 
light filter which defines said pixel state. 
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to ^° hm ^ re ^ is *' b yWlytogapo t e n ti a l tot h e ^ seI e cttDd e 
»d fta retain el e«rode ia relation to the counter electrode; and 

elecw „ j nWtoha ^ eStofa ^^^™8anypo tenn alflo m «headdre SS 

^onto.e^rrr^^ 3 ^^^^- 

relation to the counter electrode. 



i removing any potential from the address electrode 



in 
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plsinadi f 7^ f ° r " -cording to claim 1 3, wherein a plurality of 

pixels in a display device are addressed during picture ftam^ a ^ , 

consecutive steps of: * ** meth<>d the 

setting each pixel to an active state; 

setting a subset of said pixels to a passive state; and 
in its current state. 
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A method for bistable addressing according to claim 14 the nfart. * : 

^^^^ 
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— W3 00) provide biaaMe or pbal mte3 ^ ^ 

pa-ve naarix add^g. For ^ purpose m 

aHeaa. onepa* of addreaa and retain e.eonodaa (,304, 1305, m order to acnva* apZ ^ 
^po.enda.iaapp^^eaddreaaand^e.ee.rode.C^, ,305)^,1 
(,306), and in order „ debate a P i*e, fce pofcnoai ia loved. to^ 

«lan.n to a* coun.ereiee.rode (,306) : «ne current stttej te ^ OTpas *" 
Fig. 13 
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